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Abstract
Circular RNA is a novel endogenous non-coding RNA that can serve as a biomarker 
because of its stable loop structure. We investigated and examined the utility of 
plasma circERBB2 as a prognostic biomarker in 70 patients with gastric cancer 
who underwent gastrectomy. We investigated by real-time quantitative PCR the 
circERBB2 concentrations in the preoperative and postoperative plasma and the 
circERBB2 expression in the resected tumors. The relationships between circERBB2 
concentration in plasma and the clinicopathological features and prognosis were ana-
lyzed. circERBB2 was detected in the preoperative plasma samples of 37 patients. 
The presence of circERBB2 in preoperative plasma (high group) was significantly 
correlated with lymph node metastasis (P = .035) and tended to be correlated with 
men (P = .069). Both relapse-free and overall survival were significantly poor in the 
high group (P = .001 and P = .009, respectively). The Cox proportional-hazard model 
revealed that the high group was an independent prognostic factor of relapse-free 
survival (P = .038). Among 16 patients of the high group, 13 patients did not show 
circERBB2 in the postoperative plasma. The concentration of circERBB2 in plasma 
was significantly higher in patients with recurrent cancer than those recurrence-free 
patients (P < .001). In 2 patients with recurrent cancer, plasma circERBB2 concentra-
tions were increased, whereas, in 2 recurrence-free patients, these concentrations 
hardly changed during the treatment progress. The circERBB2 concentrations in pre-
operative plasma samples can be considered as a noninvasive prognostic biomarker 
for gastric cancer. Furthermore, monitoring the postoperative plasma circERBB2 con-
centrations may be useful for detecting gastric cancer recurrences.
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1  | INTRODUC TION

Gastric cancer (GC) is the third leading cancer-related cause of 
death globally.1 Advances in surgical techniques, chemotherapy reg-
imens, and perioperative management have decreased the mortal-
ity rates. However, patients with advanced GC frequently develop 
recurrences after radical resections and have poor survival rates.2,3 
Therefore, understanding the molecular mechanisms underlying GC 
progression would facilitate the development of effective diagnostic 
and therapeutic options for GC.

Several novel circulating biomarkers have been investigated for 
diagnosing GC. Clinically used tumor markers, including CEA and 
CA19-9, are noninvasive and highly practical for diagnosing GC, but 
they show low sensitivity and specificity for GC. Therefore, to es-
timate the effectiveness of chemotherapy and to predict progno-
sis after radical resection, we need to investigate novel biological 
markers for GC. Circulating non-coding RNAs that may be involved 
in various cancers4-6 are detectable in the plasma or serum.7,8

Circular RNA (circRNA), an endogenous non-coding RNA, was 
identified by high-throughput sequencing.9,10 circRNAs are gen-
erated when precursor mRNAs (pre-mRNA) back splice to join a 
downstream splice donor to an upstream splice acceptor and have a 
closed loop lacking a 5′ cap and a 3′ polyadenylation tail.11 circRNAs 
sponge multiple miRNAs on their binding sites and play critical roles 
in cellular differentiation and disease occurrence. ciRS-7, which is a 
highly represented circRNA in the human brain, acts as an inhibitor 
or as a sponge of miR-7 and plays an important role in neurodegen-
erative diseases.12 In cancer research, early studies have suggested 
that ciRS-7 modulates miR-7 expression, therefore elucidating the 
regulatory mechanisms of miR-7 activity would likely advance the 
understanding of various cancer aetiologies.13 At this time, several 
other circRNAs are also being investigated, and several endogenous 
circRNAs have been reported in cancer although the functional rele-
vance of most of these circRNAs is still to be elucidated.14

circRNAs are stable in the presence of RNase because of their 
closed-loop structure.15 Lin et al16 reported that 3 plasma circRNAs, 
namely circ-CCDC66, circ-ABCC1, and circ-STIL, could serve as a 
novel and independent diagnostic biomarkers for colorectal cancer. 
Liu et al17 showed that in patients with lung adenocarcinoma plasma 
hsa_circ_0005962 expression was different before and after sur-
gery. These studies suggested that these tumor-derived circRNAs, 
which are detectable in the blood, could be ideal noninvasive bio-
markers for cancer diagnosis and prognosis.11,17 Furthermore, up-
regulation of circERBB2 derived from the ERBB2 gene locus in tumor 
tissue showed an unfavorable prognosis and facilitated GC progres-
sion.18 Huang et al19 suggested that circERBB2 promoted gallbladder 
cancer progression by regulating PA2G4-dependent rDNA tran-
scription and that circRNAs may have diverse functions, far more 
than only being miRNA sponges. However, no study has examined 
the dynamics of circulating circERBB2 in the clinical course of GC.

Therefore, we quantitatively detected circulating circERBB2 in 
preoperative plasma samples of GC patients who had undergone 
curative gastrectomy. Moreover, we examined the clinical potential 

of circERBB2 as a tool for real-time evaluation of tumor progression 
by monitoring the dynamics of the plasma circERBB2 levels during 
treatment progress.

2  | MATERIAL S AND METHODS

2.1 | Patients and samples

This study was approved by the local ethics committee (approval 
number: ERB-C-67-3) and conducted following the Declaration of 
Helsinki principles. Before participating, all subjects gave written 
informed consent. Samples were blinded for analyses and the pa-
tients understood that the results would not be made available to 
them. The study cohort included 70 GC patients who underwent 
gastrectomy between January 2014 and June 2016 at the univer-
sity hospital, Kyoto Prefectural University of Medicine. Patients with 
other cancers in the 5 y before surgery were excluded. Preoperative 
plasma samples and matched resected tumor samples were collected 
from all the patients. Clinicopathological data and the details regard-
ing tumor recurrence and subsequent management were recorded.

Expert gastrointestinal endoscopists reviewed preoperative en-
doscopic images. Expert pathologists diagnosed the tumor tissue, and 
the pathological classifications of the tumors were determined fol-
lowing the 8th Union for International Cancer Control classification.20 
In patients with sufficient tumor tissues, the HER2 status was deter-
mined using formalin-fixed paraffin-embedded tissue samples and 
routine immunohistochemistry (IHC) methods to score from 0 to 3+. A 
score of IHC 0/1+ was considered to be HER2 negative, whereas IHC 
2+/3+ was defined as HER2 positive. For prognostic analysis, only 60 
patients were analyzed by the overall survival (OS) and relapse-free 
survival (RFS) rates, excluding 2 and 8 patients who underwent R1 
and R2 resection, respectively. After surgery, follow-up procedures 
consisting of blood investigations and abdominal ultrasound and com-
puted tomography scans were performed every 3-6 mo.

All procedures followed were under the ethical standards of the 
responsible committee on human experimentation (institutional and 
national) and with the Declaration of Helsinki 1964 and later ver-
sions. Informed consent or its substitute was obtained from all pa-
tients included in the study.

2.2 | GC cell lines

Human GC cell lines MKN7 (RCB0999), MKN45 (RCB1001), MKN74 
(RCB1002), HGC27 (RCB0500), and NUGC4 (RCB1939) were pur-
chased from the RIKEN BioResource Center. NCI-N87 (CRL-5822) was 
purchased from the American Type Culture Collection. HGC27 was 
maintained in Dulbecco’s Modified Eagle Medium (Nacalai Tesque, 
Inc), and other cell lines were maintained in Roswell Park Memorial 
Institute 1640 medium (Nacalai Tesque, Inc) supplemented with 10% 
exosome-depleted fetal bovine serum (System Biosciences). All cells 
were kept in a humidified incubator at 37°C with 5% CO2 in air.
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2.3 | Sample preparation and RNA isolation

Before surgery, a 7-mL EDTA blood sample was obtained from each 
patient. Blood samples were also collected from patients at 1 mo after 
surgery, at time of recurrence, and at approximately 1 y after the end 
of adjuvant chemotherapy without tumor recurrence. After collection 
in sodium heparin tubes (BD Vacutainer), the plasma was immediately 
separated from the cellular fraction using a three-spin protocol21 and 
then stored at −80°C for further processing. Circulating RNA was iso-
lated from 400 μL of the plasma sample using a miRNeasy® Serum/
Plasma Advanced Kit (Qiagen) and following the manufacturer’s 
instructions.

Using a TLA100.3 Beckman fixed angle rotor, the exosomes were 
pelleted from 400 μL of the plasma sample by ultracentrifugation 
at 100  000  g for 23  min at 4°C. The pellets were diluted in PBS, 
and an additional washing step was performed following the same 
ultracentrifugation protocol. The pellets were solubilized in 700 μL 
of QIAzol Lysis Reagent (Qiagen), and exosomal RNA was extracted 
using a miRNeasy Mini Kit (Qiagen).

Tumor tissues were obtained from surgically resected speci-
mens and promptly stored at −80°C until RNA extraction. Total 
RNA was extracted from frozen samples, and GC cell lines using 
the AllPrep® DNA/RNA/miRNA universal kit (Qiagen) following the 
manufacturer’s instructions. Tissue RNA concentration was deter-
mined using a NanoDrop 1000 spectrophotometer (Thermo Fisher 
Scientific).

2.4 | Microarray analysis

CircRNAs differentially expressed between GC and the adjacent 
normal tissues were examined using the Arraystar Human Circular 
RNA Array Service (Arraystar Inc). A single channel microarray (GEO 
platform ID: GPL21825) was used in this service. Details of the cir-
cRNA array data were registered in GSE14​1977.

2.5 | Real-time quantitative PCR for 
circERBB2 levels

To assess the circERBB2 levels in the plasma, tissue, and GC cell 
lines, we performed a real-time quantitative PCR (rqPCR) analysis. 
Concentration in plasma was quantified by substituting the respective 
Ct values into the obtained mathematical formula of the calibration 
curve. Gene expression in tissue and GC cell lines was normalized to 
the housekeeping gene glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH; Hs02786991_g1; Applied Biosystems). The designed primer 
sequences of circERBB2 and the corresponding mRNA ERBB2 (linERBB2) 
were as follows: circERBB2 (forward): 5′-TGCTCCACACTGCCAAC-3′, 
(probe): 5′-TGCTCCACACTGCCAAC-3′, (reverse): 5′-GACAATCCTC​ 
AGAACTCTCTCC-3′; linERBB2 (forward): 5′-TACAGCGGTACAGTG 
AGGA-3′, (probe): 5′-CCTGCCCTCTGAGACTGATGGCTA-3′, (reverse): 
5′-TGGCTGGTTCACATATTCAGG-3′.

Reverse transcription was performed in a 20-μL reaction volume 
with RNA isolated from 400  μL of the plasma sample or 2000  ng 
of RNA from the tissue or cell line sample using Superscript® IV 
Reverse Transcriptase (Thermo Fisher Scientific) in accordance 
with the manufacturer’s instructions. The complementary DNA was 
subjected to rqPCR using the Eagle Taq Master Mix (ROX) (Roche 
Molecular Systems) and the above-designed primers for circERBB2 
or linERBB2. rqPCR was run using the Step One Plus Real-Time PCR 
System (Applied Biosystems) under the following conditions: 10 min 
at 95°C followed by 40 cycles of 15 s at 95°C and 1 min at 60°C. 
The circERBB2 levels in tissue and GC cell lines were calculated using 
the ΔΔCt method relative to GAPDH. For quantification of circERBB2 
and linERBB2 concentration in plasma, synthesized gene fragments, 
gBlocks (Integrated DNA Technologies), were used as the rqPCR 
standards.

2.6 | Direct sequencing analysis

To detect the circERBB2 sequence, we performed rt-PCR using 
PrimeSTAR® HS DNA polymerase (TaKaRa Bio) in duplicates 
with 10  µg cDNA made from the cell line sample using the 
StepOne rt-PCR systems (Thermo Fisher Scientific). The ac-
curate length of the PCR products was confirmed using aga-
rose gel electrophoresis. Images were obtained using the 
BLooK LED transilluminator (BIOHELIX) and a digital camera. 
PCR products were subjected to direct sequencing using the 
BigDye Terminator v1.1 Cycle Sequencing Kit (Thermo Fisher 
Scientific). Samples were run on a ABI 3500 genetic analyzer 
(Applied Biosystems).

2.7 | Quantitative comparison of circERBB2 and 
linERBB2 expression

To construct the calibration curve for the PCR efficiency of circERBB2 
and linERBB2, we used gBlocks Gene Fragment with stepwise 10-
fold dilution. The gene expression of circERBB2 and linERBB2 in each 
cell line was quantified by substituting the respective Ct values into 
the obtained mathematical formula, and the expression ratio of 
circERBB2 and linERBB2 was calculated.

2.8 | RNase R resistance assay

Total RNA (10 µg) was incubated with or without RNase R (Applied 
Biological Materials Inc). The RNase R mixture was made using 2 µL 
of RNase R (20 U), 2 µL of 10× RNase R buffer, and 1 µL of RNase 
inhibitor (Applied Biosystems); 5 µL of RNase-free water (control) or 
RNase R mixture (test) was added to 10 µg of RNA and RNase-free 
water in a total volume of 20 µL and then incubated at 37°C for 1.5 h. 
After the reaction, the products were immediately placed on ice and 
examined in an rt-PCR assay.

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE141977
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2.9 | Statistical analysis

To assess the relationships between circERBB2 expression in the 
plasma and the clinicopathological factors, we used the chi-square 
or Fisher exact test. To assess the relationships between the concen-
tration of circERBB2 in the plasma and expression of circERBB2 in the 
tumor tissue, we determined Spearman correlation coefficients. To 
compare the expression of circERBB2 and linERBB2 in preoperative 
plasma or the concentration of circERBB2 in preoperative and post-
operative plasma in the same patients, we used a non-parametric test 
(Wilcoxon signed-rank test). Conversely, we used a parametric test 
(Mann-Whitney U test) to compare the concentration of circERBB2 in 
plasma between patients with recurrent cancer and recurrence-free 
patients. OS and RFS rates were calculated using Kaplan-Meier anal-
ysis, with the date of gastrectomy designated as the starting point. 

Multivariate analysis was performed using the Cox proportional-
hazard model for factors that were significant prognostic factors in 
the univariate analysis. All statistical analyses were performed using 
JMP v.13 (ASA Institute). All statistical tests, except for paired tests, 
were two-sided. Statistical significance was accepted at P < .05.

3  | RESULTS

3.1 | Biological structure and stability of circERBB2 
in plasma

The circRNA array data (GSE14​1977) revealed that hsa_cir-
cRNA_405576 was the most highly expressed circRNA subtype. 
Table S1 shows a part of the microarray data. Hsa_circRNA_405576 

F I G U R E  1   Biological characteristics 
of circERBB2. A, Schematic showing 
that circERBB2 was derived from ERBB2 
exons 5–12. The fusion sequence was 
detected using a direct sequence. 
B, Levels of circERBB2 and linERBB2 
treated with RNase R were shown. The 
RNAs were isolated from GC cells and 
examined by rqPCR. C, Comparison of 
the concentrations of circERBB2 and 
linERBB2 in the plasma samples of the 
patients with gastric cancer. The levels 
were determined and quantified by rqPCR 
and the calibration curve. The differences 
were calculated by paired t test. D, 
Comparison of concentration of circERBB2 
in bulk plasma and exosome extracted 
from same volume of plasma

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE141977
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is derived from exon 5-12 regions of the ERBB2 locus and named 
as circERBB2 (Figure  S1). Sanger sequencing showed that the 3′ 
end of exon 12 and the 5′ end of exon 5 formed a head-to-tail junc-
tion in GC cells (Figure 1A). circERBB2 expression was more stable 
against treatment with RNase R than linERBB2 expression in rqPCR 
(Figure  1B). Furthermore, circERBB2 concentrations were signifi-
cantly higher than linERBB2 in the plasma (P  <  .001; Figure  1C). 
circERBB2 could be detected in 52.9% (37/70 patients) of the preop-
erative plasma samples, although linERBB2 could be detected only in 
7.1% (5/70 patients). In the selected 6 patients whose circERBB2 was 
detectable in preoperative plasma, the amounts of circERBB2 in bulk 
plasma and exosome were compared. Exosomal circERBB2 could be 
detected in 4 patients, however the concentration was lower and the 
distributions were very different in each sample (Figure 1D).

MKN7 and NCI-N87, which are ERBB2-amplified cell lines, 
showed higher expression of circERBB2 and linERBB2 than the other 
cell lines (Figure  S2A). Quantitative comparison analysis using the 
standard curve revealed that the ratios of circERBB2 to linERBB2 
expression in GC cell lines were 0.74%-4.10% (Figure  S2B). These 
results confirmed that circERBB2 was circular and was highly stable 
in the cell or plasma.

3.2 | Preoperative plasma circERBB2 levels and 
clinical data

The 70 patients were divided into 2 groups based on the detec-
tion of preoperative plasma circERBB2: detected (high) and not 
detected (low) groups. In our assay, maximum Ct and ΔCt cutoff 
values for positive determination were 38 and 10, respectively. 
The high group was significantly correlated with lymph node me-
tastasis (P = .035) and tended to be correlated with men (P = .069; 
Table  1). The high group showed significantly poor prognosis in 
RFS and OS (P  =  .001 and P  =  .009, respectively; log-rank test, 
Figure  2A,B). The Cox proportional-hazard model revealed that 
high plasma circERBB2 levels were an independent prognostic fac-
tor of RFS (P = .038; Table 2). Recurrence patterns were peritoneal 
dissemination in 10 patients, lymph node metastasis in 5 patients, 
and hematogenous metastasis in 3 patients (Table S2). No correla-
tions were observed between recurrence patterns and the plasma 
circERBB2 levels.

3.3 | Dynamics of the plasma circERBB2

In 16 of 37 patients whose preoperative plasma circERBB2 was detect-
able by rqPCR testing, a comparative analysis between the preoperative 
and postoperative plasma samples showed a significant decrease of the 
plasma circERBB2 in postoperative plasma samples (P <  .001). Plasma 
circERBB2 was not detectable in 13 postoperative plasma samples 
(Figure 3A). In the other 21 patients, because of refusal of blood collec-
tion or complications, the postoperative samples could not be collected.

TA B L E  1   Correlations between clinicopathological 
characteristics and the amounts of preoperative plasma circERBB2

Variables

High Low

P-valuea n = 37 n = 33

Age

<70 18 (48.6%) 12 (36.4%) .341

70≤ 19 (51.4%) 21 (63.6%)

Sex

M 30 (81.1%) 20 (60.6%) .069

F 7 (18.9%) 13 (39.4%)

BMI

22.0≤ 15 (40.5%) 15 (45.5%) 0.810

<22.0 22 (59.5%) 18 (54.5%)

Macroscopic appearance

Localized 15 (40.5%) 11 (33.3%) .623

Diffuse 22 (59.5%) 22 (66.7%)

Tumor size (mm)

<50 13 (35.1%) 10 (30.3%) .800

50≤ 24 (64.9%) 23 (69.7%)

Histopathologyb 

Differentiated 21 (56.8%) 16 (48.5%) .632

Undifferentiated 16 (43.2%) 17 (51.5%)

pTc 

1 6 (16.2%) 7 (21.2%) .760

2-4 31 (83.8%) 26 (78.8%)

pNc 

0 6 (16.2%) 13 (39.4%) .035

1-3 31 (83.8%) 20 (60.6%)

pMc 

0 34 (91.9%) 30 (90.9%) 1.000

1 3 (8.1%) 3 (9.1%)

lyd 

0 5 (13.5%) 7 (21.2%) .528

1-3 32 (86.5%) 26 (78.8%)

vd 

0 7 (18.9%) 9 (27.3%) .570

1-3 30 (81.1%) 24 (72.7%)

IHC score of ERBB2e 

0-1 25 (75.8%) 22 (75.9%) 1.000

2-3 8 (24.2%) 7 (24.1%)

Unknown 4 4

Abbreviation: BMI, body mass index.
aAnalyzed by chi-square or Fisher exact test. 
bMost undifferentiated histopathological finding. 
cDisease stage was defined in accordance with the International Union 
Against Cancer 8th tumor-lymph node-metastases classification using 
surgical-pathologic findings. 
dJapanese classification of gastric carcinoma (15th). 
eStaining for ERBB2 protein. 
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Postoperative and follow-up plasma samples were obtained from 
10 patients: 7 patients with recurrent cancer and 3 recurrence-free 
patients (Figure 3B). At the time of recurrence, follow-up plasma was 
collected in the patients with recurrent cancer and almost 2 y after 
surgery in recurrence-free patients. The concentration of circERBB2 
in the follow-up plasma was significantly higher in patients with 
recurrent cancer than those recurrence-free patients (P  <  .001, 
Figure 3C). In all 7 patients with recurrent cancer, the concentration 
of circERBB2 in follow-up plasma increased compared with that in 
postoperative plasma (Figure 3D). However, they were not different 
in recurrence-free patients.

We also assessed the clinical courses of 4 patients, who were 
followed up for a long time with repeated measurements of plasma 
circERBB2 concentrations (Figure 3E and Table 3). In 2 patients with 
tumor recurrence after adjuvant chemotherapy (patients 1 and 2), 
the plasma circERBB2 concentration increased markedly at recur-
rence, whereas in 2 patients (patients 3 and 4) without tumor re-
currence, the plasma circERBB2 concentration hardly changed in the 
repeated measurements during the treatment progress. In these 

patients, plasma circERBB2 was detected before surgery, but the 
plasma circERBB2 levels decreased after the surgery, and CEA and 
CA19-9 levels were found to be less than the cutoff values in all the 
clinical courses. Thus, plasma circERBB2 can be a sensitive and re-
producible marker for detecting GC recurrence.

4  | DISCUSSION

Recently, several circRNAs have been identified because of the rapid 
development of high-throughput sequencing, and bioinformatics.9,10 
circRNAs could be ideal biomarkers for cancer diagnosis due to their 
marked stability.11,15-17 Plasma sample-based liquid biopsies have 
significant advantages in reflecting gastrointestinal diseases and 
can be used for the noninvasive screening of biomarkers, thereby 
revolutionizing disease management.16 To investigate the clinical sig-
nificance of plasma circERBB2 in GC patients, we used rqPCR assays.

Plasma circERBB2 levels can be affected by multiple factors. 
Plasma levels of linERBB2 and circERBB2 increased depending on the 

F I G U R E  2   Prognostic impact of the 
plasma levels of circERBB2 in patients with 
GC. A, Kaplan-Meier curves for relapse-
free survival rates of 60 patients with GC 
in accordance with the levels of plasma 
circERBB2. The log-rank test was used for 
statistical analysis. B, Kaplan-Meier curves 
for overall survival rates of 60 patients 
with GC in accordance with the levels of 
plasma circERBB2. The log-rank test was 
used for statistical analysis
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pre-mRNA levels of ERBB2, which is the raw material of linERBB2 
and circERBB2. These may also depend on the stable formation of 
circERBB2 and transfer into the blood. Moreover, our study showed 
that high circERBB2 levels in the plasma were associated with poor 
prognosis, therefore plasma circERBB2 could be considered as a use-
ful prognostic marker.

The presence of circERBB2 (high group) showed a significant 
correlation with lymph node metastasis, therefore circERBB2 may 
modulate the metastatic potential of the tumor. circERBB2 expres-
sion in GC tissues has been reported to promote GC progression.18 
However, in our study, circERBB2 knockdown, unfortunately, did not 
change the behavior of the GC cells (data not shown), therefore the 
function of circERBB2 could not be revealed in this study. Further 
studies, including the target miRNAs of circERBB2, may be necessary 
for the future. Plasma circERBB2 may sponge some miRNAs and reg-
ulate tumor growth or metastasis.

Expression levels of circERBB2 and linERBB2 were higher in MKN7 
and NCI-N87 cell lines, and the levels of circERBB2 (P = .016) and li-
nERBB2 (P = .007) in tumor tissues were significantly correlated with 
the IHC score (Table  S3). These results may support the idea that 
ERBB2 protein expression is correlated with linERBB2 and circERBB2 
expression in tissues. There was no correlation, however, between 
plasma circERBB2 levels and IHC results in the tissues, although 
there was a significant correlation between the expression levels of 
circERBB2 in plasma and tumor tissue (Figure S3). Therefore, the exact 
reasons for the increase in plasma circERBB2 levels are unclear.

The expression ratio of circERBB2/linERBB2 for each cell line 
varied from 0.74% to 4.10%, and the formation of the circERBB2 
structure may vary between each patient or tissue. The mechanism 
of circRNA formation is still unclear, although several studies have 
provided some information. A study showed that adenosine deam-
inase acting on RNA (ADAR1) is a regulator of circRNA formation, 
and the androgen receptor differentially regulated circRNA expres-
sion in hepatocellular carcinoma through ADAR1.22 ADAR1 is com-
monly overexpressed in esophageal, liver, breast, and lung cancers 
or chronic myelogenous leukemia, and promotes cancer progression 
through the regulation of type I interferon.23 Furthermore, exo-
somes may be involved in the stable secretion of circRNA into the 
plasma.24 Various molecules are involved in exosome biosynthesis 
and release, and there will be individual differences in the release 
of exosomes and the contained non-coding RNAs, including cir-
cRNAs.25 In our study, the ratio of exosomal circERBB2 to plasma 
circERBB2 was relatively low and varied widely. The probability of 
circERBB2 formation or transfer into plasma could be increased by 
some mechanisms in patients with poor prognosis and therefore fur-
ther analysis is needed to elucidate these mechanisms.

We showed that circERBB2 released into the plasma could be 
more stably detected than linERBB2. The circERBB2 level in the 
plasma was only a small percentage compared with linERBB2 lev-
els. Thus, circRNAs have advantages as biomarkers because of 
their structural stability. ERBB2 protein expression is heteroge-
neous in tumor tissues,26,27 and circERBB2 expression may also be 

TA B L E  2   Univariate and multivariate analysis for clinicopathologic characteristics affecting prognosis

Variables

RFS OS

Univariate Multivariate Univariate Multivariate

P-valuea  Odds ratio P-valueb  95% CI P-valuea  Odds ratio P-valueb  95% CI

High amounts of cirERBB2 in 
plasma (vs low amounts)

.001 3.99 .038 1.07-25.90 .009 4.96 .066 0.92-92.68

Age 70 ≤ (vs < 70) .761 .713

Male (vs female) .539 .409

BMI < 22.0 (vs 22.0≤) .783 .763

Localized appearance (vs 
Diffuse appearance)

.428 .960

Tumor size (mm) 50 ≤ (vs < 50) .089 .015 10.06 .005 1.82-189.77

Differentiated type (vs 
undifferentiated type)

.420 .878

T stage pT2-4 (vs pT1) .062 .352

N stage pN1-3 (vs pN0) .001 1.7711e+9 .015 1.66- .014 4.022e+8 .108 0.60-15.23

ly 1-3 (vs 0) .040 1.23 1.000 9.51e-309-
0.04

.140

v 1-3 (vs 0) .058 .367

IHC score of ERBB2 2+/3+ (vs 
0/1+)

.024 1.78 .263 0.63-4.75 .048 2.95 .103 0.80-11.15

aAnalyzed by log-rank test. 
bAnalyzed using Cox proportional-hazard model. 
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heterogeneous in these tissues, therefore plasma circERBB2 concen-
trations may reflect the accurate expression status of circERBB2 in 
tumor tissues because plasma levels will be less susceptible to tissue 
heterogeneity.

This study had several limitations. The small patient population 
and the retrospective nature limited us from assertively stating any 
concrete conclusion regarding the effectiveness of plasma circERBB2 
as a prognostic biomarker for GC. Further studies using large sample 
sizes and a prospective design are needed. In this study, the high or low 
group of plasma circERBB2 was defined depending on the detection of 
circERBB2 in the plasma by qPCR, but it is necessary to increase the 
sensitivity of plasma circERBB2 detection and judge the levels accu-
rately. A droplet digital PCR may be useful for accurate quantification of 
plasma circRNA in clinical applications. Finally, we could not reveal how 
circERBB2 is involved in the pathology of GC, and further functional 
analysis is required to elucidate the roles of plasma circERBB2 in the 
prognosis. Prospective clinical trials of several plasma circRNAs may 
expand the possibility of finding useful plasma circRNA biomarkers.

Thus, plasma circERBB2 can be a useful noninvasive biomarker 
for the prognosis and monitoring of tumor dynamics in GC patients.
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